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Figure 1 kQ of modelled NE2561 chamber with beams with 
the flattening filter (closed shapes), beams with the 
flattening filter removed (open shapes) and beams with thin 
replacement filter (red shapes). (a) shows the results for 
Elekta beams and (b) shows the results for Varian beams. The 
dashed grey line shows the average of kQ from TRS-398 and 
Muir et al. 
 
Conclusion: The average difference between linac outputs 
measured with TRS-398 and TG-51 protocols was less than 0.2 
% for 6 MV FFF and 10 MV FFF. Modelling suggests a 2-3 mm 
metal plate used in place of the flattening filter offers 
sufficient filtration for the FFF beam to produce a similar kQ 
to WFF beams. 
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Purpose or Objective: IORT breast carcinoma treatment 
clinical practice has evidenced the need of real time 
monitoring the dose delivery on the target. The actual 
discussion on the efficacy of the technique is mainly related 
with the effective coverage degree of the whole PTV. 
Furthermore the correct positioning of the radiation 
protection with respect to the applicator is a critical aspect 
that cannot presently be determined in real time. The 
commercially available in vivo dosimetry technologies allow 
either a real time measurement in one point (MOSFET type 
detectors) or a non real time measurement over a surface 
(radio chromic films). A cooperation between a clinical 
hospital, a research institute and an industrial company has 
led to the conceptual design of a new device capable of 
satisfying the above mentioned needs. Such device has been 
patented. The new dosimeter consists in four leaf shaped 
plastic scintillators positioned between the two parts of the 
radiation protection disc, composed by a PTFE and a steel 
element (see figure). Therefore such device can measure in 
real time the dose in the four sectors, providing both the 
integral dose and a measurement of the field symmetry on 
the target. 
 
Material and Methods: The accelerator employed is a mobile 
IORT dedicated electron accelerator capable of producing a 
4, 6, 8 and 10 MeV electron beam, collimated by means of 
PMMA applicators. Measurements have been performed with 
a prototype based on a plastic scintillator tile placed in a 
PMMA phantom, with the signal processed and integrated by 
dedicated electronics. The plastic scintillator data has been 
compared with the standard dose measurements, performed 
by means of the PTW Roos ionization chamber and the Unidos 
E electrometer. 
Results: The behavior of the plastic scintillator has been 
tested with the IORT accelerator electron beam. Several 
tests have been performed, comparing the reading of the 
system with the reading of the plane parallel ionization 
chamber in a PMMA phantom. On the basis of the preliminary 
measurements, the system fully complies with the standards 
requirements (see figure). 
 
 
 
Conclusion: The above described in vivo dosimeter 
significantly improves the IORT clinical documentation, 
allowing the real time check of the dose delivery over the 
whole PTV. Furthermore, since the device sensitivity is high 
enough to produce a precise dose map with an overall 
delivery of less than 1 cGy, the correct positioning of the disc 
with respect to the PTV and the applicator can be checked 
before delivering the treatment, allowing the surgeon to 
correct it should the symmetry on the PTV be out of 
tolerance levels. The system will be engineered in order to 
meet the standards required for a temporarily implanted 
medical device too (biocompatibility, sterilizability, etc.) and 
will undergo the certification process during 2016. It is 
planned to organize a multicentre study for verifying in the 
clinical practice the efficacy and safety of the new 
dosimeter. 
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Purpose or Objective: A protocol for reference dosimetry for 
the MR-linac is under development. The response of an ion 
chamber must be corrected for the influence of the 1.5T 
magnetic field as deflection of electron trajectories by the 
Lorentz force is greater in the air-filled chamber than the 
surrounding phantom. Solid water (SW) phantoms are used 
for dosimetry measurements on the MR-linac, but a small 
volume of air is present between the chamber wall and 
phantom insert. This study aims to determine if this air 
volume influences ion chamber measurements on the MR-
linac. The variation of chamber response as the chambers 
were rotated about the longitudinal chamber axis was 
assessed in SW and water to distinguish between the effect of 
the anisotropic dose distribution in a magnetic field and any 
intrinsic anisotropy of the chamber response to radiation. 
The sensitivity of the chamber response to the distribution of 
air around the chamber was also investigated. 
 
Material and Methods: Measurements were performed on an 
MR-linac and replicated on an energy-matched Agility linac 
for five chambers, comprising three different models. The 
response of three waterproof chambers was measured with 
air and with water between the chamber and insert to 
measure the influence of the air volume on the absolute 
chamber response. Angular dependence of the waterproof 
chambers and two NE 2571 chambers was measured in an SW 
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phantom, both parallel and perpendicular to the magnetic 
field, and in water (waterproof chambers only). The 
influence of the distribution of air around the chambers in 
the SW phantom was measured by displacing the chamber in 
the insert using a paper shim, approximately 1 mm thick, 
positioned in different orientations between the chamber 
casing and the insert. 
 
Results: The responses of the three waterproof chambers 
measured on the MR-linac increased by 0.6% to 1.3% when 
the air volume in the insert was filled with water. The 
responses of the chambers on the Agility linac changed by 
less than 0.3%. The angular dependence ranged from 0.9% to 
2.2% in solid water on the MR-linac, but was less than 0.5% in 
water on the MR-linac and less than 0.3% in SW on the Agility 
linac. An example of the angular dependence of a chamber is 
shown in Figure 1.  
 
 
 
Changing the distribution of air around the chamber induced 
changes of the chamber response in a magnetic field of up to 
1.1%, but the change in chamber response on the Agility was 
less than 0.3%. 
 
Conclusion: The interaction between the magnetic field and 
secondary electrons in the air volume around the chamber 
reduces the charge collected by between 0.6 and 1.3%. The 
large angular dependence of ion chambers measured in SW in 
a magnetic field appears to arise from a change of air 
distribution as the chamber is moved within the insert, rather 
than an intrinsic isotropy of the chamber sensitivity to 
radiation. It is therefore recommended that reference 
dosimetry measurements on the MR-linac be performed only 
in water, rather than in SW phantoms. 
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Purpose or Objective: To quantify the effect of small air 
gaps at known positions on ionisation chamber (IC) 
measurements in the presence of a strong magnetic (B-)field, 
and to characterise the response of ICs over a range of B-
field strengths in the absence of air gaps. 
 
Material and Methods: The ratio of responses of four 
commercially available ICs was measured in a Co-60 beam 
with and without a 1.5T B-field (M1.5T/M0T) using a GMW 
electromagnet unit and a 5cm pole gap. Measurements were 
made in custom-built Perspex phantoms with the chamber, 
beam and B-field all orthogonal. The measurements were 
repeated with the phantoms at each cardinal angle (rotated 
about the long axis of the ICs). The phantoms were designed 
to be symmetric under rotation about this axis except for a 
shallow 90° section next to the sensitive volume of the ICs. 
The measurements were repeated with the air gap removed 
by introducing water to the phantom cavity. For the PTW 
30013 chamber further measurements were performed after 
introducing a small (approximately 30 mm3) bubble into the 
recess when the cavity was otherwise filled with water, 
which was made possible by the novel phantom design. The 
measurements in water were repeated with additional build-
up material and in multiple phantoms at a single phantom 
orientation. 
Measurements were also taken to characterise the ratio of 
responses for five ICs over a range of B-field strengths (0 – 2T 
in 0.25T increments). 
 
Results: For all 4 ICs in the rotating setup, the response 
varied consistently with the position of the recess when the 
air gap was present, with the lowest value of M1.5T/M0T 
obtained when the recess was upstream of the IC. The 
maximum peak-to-peak (PTP) variation was 8.8%, obtained 
for the PTW 31006 ‘Pinpoint’ IC, and the minimum was 1.1%, 
obtained for the Exradin A1SL IC. This variation all but 
disappeared (maximum PTP variation 0.7%, seen for PTW 
31010 IC) when the air gap was removed. A large (3.9%) PTP 
variation was observed for the PTW 30013 when an air bubble 
was inserted into an otherwise airless setup (0.2% variation 
without air gap). 
 
 
 
Conclusion: Small air gaps are responsible for large variations 
in IC response in the presence of a magnetic field. These 
variations can be eliminated by introducing water into the 
cavity, but even small bubbles will cause large variations in 
the response. Further, IC response in the presence of a 1.5T 
B-field is insensitive to changes in depth and scatter 
conditions of the phantoms investigated here. Each IC has 
different M/M0T response across the range of B-field strength 
0 – 2T. 
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Purpose or Objective: One main source of uncertainty in 
proton therapy is the conversion of Hounsfield Unit (HU) to 
